Lunar and Planetary Science XXVIII 1340.PDF

ROTATION OF EUROPA: CONSTRAINTS FROM TERMINATOR POSITIONS. Gregory V. Hoppa, Richard
Greenberg, Paul Geissler, J. Plassmann, B. R. Tufts, Lunar and Planetary Lab, UnivArgitnef Tucson, Arizonand the
Galileo Imaging Team.

Tidal torques on Europa due to Jupiteould tend to introduced. Also, if the albedo varies with location, the
drive Europa’s rotation to aate slightly faster than  apparent terminatanayshift (toward thedaysidefor lower
synchronous, unless synchroneity is maintained by a  albedo given our definition of apparent terminator).
permanentasymmetry in Europa’snass distribution[1]. An example of a systematic shift with changegéologic
Moreover, global fracture patterns &uwropa’s surface, as provincemay bethe shift in apparent terminattwngitude
well as thecomplex fine-scale tectonics revealed by Galileo by ~1° at latitude 24° in Fig. 2, whicborresponds to a
high-resolution imagerymay beevidence ofstress due to  transitionfrom mottledterrain to bright plain§4]. Because
non-synchronous rotatioe.g., [2]). A direct measurement the terminator in the Galileanage (Fig. 1) is entirely in
of Europa’s rotatiorrate has been made by measuring the bright plains, it might be appropriate to limit tbemparison
positions of surface features relative to the terminator in ato the bright-plains portion of théoyagerimage (N of 24°),
Galileo image, andcomparing the results with similar  in which case we would obtain synchronous rotation (+0.3°).
measurements of the positions of the same features relative Other potential sources of systematic error éaglocal
to the terminator in &/oyager 2image taken seventeen topographic features, e.ghe nearly N-S orientedriple-
years earlier. band ridge near the terminator in the Galiletage may

The Galileo image was taken6 km/pixel during the  shift the apparent position of the terminator, but our
spacecraft’'s first orbit. A projected version (sinusoidal, objective method of determination is relatively insensitive to
equal area, with north up, and east to the righthiswn in local topography(b) the broad regiondigure of thebody,
Fig. 1, showinglatitudes from 8° to 30°, with selected e.g., an effectiveradius of curvature 2% differerftom
reference features (marked) spanning longitudes 157° toEuropa’s meamadiuscould shiftthe terminatordifference
172° (W of prime meridian near sub-Jupiter). At the time by 0.3°; and (c) changes in apparent position of terminator
this image was madethe sub-solar point (90from the due to differences in observational phase angle.
nominal terminator) was at —1.3%t, 245.88°long. The An independent determination of rotation was attempted
apparent terminatomay be shifted from the nominal by consideringthe position of the feature Cilixwhich
position due to shadowing and subjective appearance. Irappears close tiie terminator on a Galileo C3-orlhage.
order to have a consistent, objective means of defining theComparingthis feature in botWoyagerand Galileo images,
apparent terminator, we select (for ealtdtitude) the again using the terminator as descrilzdxbve, we found a
longitude at which straight-line fits tbe reflectance profile  faster thansynchronousshift of 0.1° +0.5°. Howeverthis
on both sides intersect. This determination was nuade measurement sufferdfrom the fact that the Galileo
the full range of latitudes in Fig. 1 generating thiggly terminatortopography is dominated b@ilix (a high relief
vertical profile at the right. The straighteurve through feature [5]), soonly a fewrows of data allow undisturbed
these points is a best fit line parallel to theminal measurement. Even in those rowke anomalously low
terminator. The 25 reference features indicated in Fig. lalbedo may shift the apparent terminator artificially
were measured relative to that line. An identjpalcedure  westward in the Galileamage (similarly tothe eastward

was followed for the Voyager image (Fig. 2). shift of the bright plains terminator in Fig. 2)ielding
For synchronous rotatiorafter the Voyager epoch, artificially fast apparent rotation.
features in the Galileomage (Fig. 1) would be expected to Any prograde rotation relative teynchronous (such as

be 14.13° closer to the terminator than in Fig. 2. In fact, onthat predicted byl]) is less than dew tenths of a degree in
average, the shift isound to be only13.0°, suggesting 17 yr (a complete rotation in 1Qr). Any suggestion of
slower-than-synchronous rotation by about 1° in 17 yr. possible slower-than-synchronous rotatioray be due to
Sources of random erro@re (a)uncertainty in apparent systematic albedo or topographic effects as described above.
terminator longitude {gma =0.4° for Voyagerand 0.3° for Or, if real,such slow rotation might béue to unanticipated
Galileo) and (b) inconsistencies in measurirgference complex geophysical responses in Europathe tidal
feature positions (+0.1°). The combined error range is +0.5°,potential of Jupiter.Also, the torque due to lo atach

only half of the apparent shift due toon-synchronous Europan apojove may be comparabl¢h® net torque due to

rotation (1.1°). Jupiter andvould tend to produce slower thagnchronous
Topography plays aignificant role ingoverning the rotation of Europa.
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Fig 2. Voyager 2.



